INTRODUCTION

When
an apicoectomy is performed, it is desirable to achieve optimal sealing of the apical section within the dentin. The seal should cover the root canal, its side canals, and the dentinal tubules exposed during removal of the root tip should be obtained. It, therefore, seems reasonable to use a laser for treatment.
Miserendino1 performed an apicoectomy with a carbon dioxide (C02) laser. He had observed crystallization of root dentin and carbonization of organic material in previous in vitro tests. The recrystallized dentin attached weakly to the underlying dental substance and could be easily removed. The remaining stump had a smooth, hard surface, which was highly suitable for retrofilling. The root apex and the root canal were irradiated at 10 W for 20 seconds and 0.5 second, respectively, for sterilization.
Neiburger2 carried out microscopic, radiographie, and mechanical examinations of various C02 laser adjustments for root apex welding. He Laser treatment of the apical dentin surface
In the first group, the entire apical section of each tooth was irradiated with the C02 laser. The "LASERSAT" device by SATELEC (Merignac, France) was used throughout the study. This laser is a very compact device: the C02 laser itself is located in a handpiece, whereas the power and the control units are located in a separate casing. Because the C02 laser radiation is within the infrared region, with a wavelength of 10.6 /urn, the laser is coupled with an additional low-power He/Ne laser whose red beam allows precise positioning. The power output can be maintained between 0.5 and 5 W, and the radiation is emitted in continuous waves. The sections were irradiated at the lower power output (0.5 W) for 20 seconds while making continuous circular movements with the laser. Five seconds of irradiation were followed by a 30-second pause, followed by 5 seconds of irradiation and so on, until 20 seconds of total irradiation time were achieved. This procedure was chosen to minimize further thermal stress to the adjacent tissues. The irradiated area of approximately 0.2 cm2 was treated at a fluence of 5 X 10-3 J/cm2. The use of the above-mentioned hollow waveguide resulted in a spread of the laser beam to a diameter of 0.8 mm; thus the surface can be irradiated homogeneously.
The teeth of the second group were used as nonirradiated control teeth. The teeth of the third group were irradiated after half the section of each tooth had been covered with tin foil. By doing so, it was possible to screen precisely half the apex region from laser irradiation and to assess the effects of laser treatment in one and the same tooth. The teeth were again irradiated at a power of 0.5 W. 
Infrared spectroscopy
To further assess the impacts of laser irradiation on thermal stress, measurements using an infrared camera with a lateral resolution of 0.1 mm and a thermal resolution of 0.1°C were performed. For this purpose, a lower human incisor (bone impacted) was used that had previously been submitted to apicoectomy. The tooth was irradiated as described above. The measurement was done immediately after the second irradiation period of 5 seconds.
RESULTS
Color penetration test
As far as the teeth irradiated at both the apical section and the root-canal lumen are concerned, there was no color penetration at all-neither at the apical section nor at the root-canal lumen (see Fig. 1 ).
The group of teeth, which had not been irradiated at the apical section, showed color penetration starting from the section and reaching far into the dentin; however, there was no color penetration from the (irradiated) root-canal lumen (see Fig. 2 ).
The difference between irradiated and nonirradiated dentin is best discernible in the sections, which had been subdivided into irradiated and nonirradiated halves. These sections showed no color penetration from the root-canal lumen or the irradiated portion of the apical section.
Scanning electron microscopic examination Figure 3 shows a representative section through the irradiated apical dentin. The As the results of the color penetration tests show, successful sealing of both the apical dentin and the root-canal walls by C02 laser irradiation was achieved.
The results of the SEM examinations support these findings. The structural changes in dentin resulting from the sealing process of laser irradiation are clearly discernible.
According to the outcome of the infrared spectroscopy, thermal damage to the adjacent tissues can be excluded.
In our opinion, laser treatment optimally prepares the tooth for final intraoperative filling because of the described sealing of the dentinal tubules, the resultant elimination of niches for bacteria, and the sterilizing effect of the laser.
The findings of this in vitro examination indicate that the C02 laser is a suitable aid for performing apicoectomies, and they encourage us to use this method in vivo.
